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5) D Claim(s) is/are allowed. 
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8) D Claim(s) are subject to restriction and/or election requirement. 
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Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 
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DETAILED ACTION 

1. Claims 24-27 are newly added. Thus, claims 1-4, 6-13, 15-19 and 21-27 are pending in 
the application. 

Claim Objections 

2. Claims 6-8 and 24 are objected to because of the following informalities: in-consistent 
terms, i.e. "anisotropic, ion enhanced etch" (claim 24, line 9) versus "the etch" (claim 7, line 1) 
and "the organic etch" (claim 8, line 2). 

In addition, the term "of the organic material" (claim 6 and 7) lacks antecedent basis 
since the term does not appear in the base claim 24 (see line 9). Appropriate correction is 
required. 

In re claim 24, at line 7, "clean of the hold" should be - clean of the hole — . 

Claim Rejections - 35 USC§103 

3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

4. Claims 1-4, 6-13, 15-19, 21 and 23-27 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Dixit et al (US 5,849,367) in view of Li et al. (US 2003/0024902) and 
Blickensderfer et al. (US 4,098,956). 

In re claims 1, 3, 6, 10-12, 16-17, 19, 21 and 24-26, Dixit et al. teach a method of cleaning a 
previously etched hole 28 formed in an organic inter-level dielectric 26 (col. 6, lines 18-20 and 
col. 8, lines 4-6), the hole 28 having a sidewall surface 42 defined by said organic ILD and a 
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bottom comprising a layer of surface oxide (i.e. Ti y O x or AI2O3, col. 5, lines 47-49) formed 
during the etching of said hole 28, the organic ILD disposed on a semiconductor substrate 22/24, 
the method comprising: 

• forming a plasma over an interconnect structure, the plasma comprising a mixed gas 
of argon and nitrogen (col. 6, lines); 

• directing the plasma toward the interconnect structure, i.e. towards to a hole 28 
comprising the interconnect layer 24 at a bottom of the hole 28; 

• displacing organic ILD particles 40 from said sidewall surface 42, wherein the 
organic ILD particles 40 arise from the etching process that is used to form the hole 
28 (col. 5, lines 39-40), and depositing said displaced organic ILD particles at said 
bottom of said hole 28 while performing a plasma sputter clean of the hole 28 to 
remove said surface oxide (i.e. Ti y O x or AI2O3, col 5, lines 47-49), using argon which 
acts as physical etch (col. 5,lines 43-45), at the bottom of said hole 28; 

• removing organic particles displaced from the sidewalls 42 and deposited at the 
bottom of the hole 28 during the sputter clean by performing an anisotropic ion 
enhanced etch of the hole 28, using nitrogen (col. 6, lines 30-3 1), during at least a 
portion of the sputter clean; and 

• forming a plug 50 in the hole 28 (Fig.4). 

In re claims 1 and 24, Dixit et al do not expressly teach that the plasma sputter is a radio 
frequency (RF) sputter. 

However, Li et al, in an analogous art, teach utilizing RF sputter (paragraph [0026]) for the 
purpose of cleaning organic residue resided within the hole (paragraph [0030]) that formed in the 
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organic ILD dielectric (such as layers 34 and 38, see Fig. 2D), wherein the mixed gas used in the 
RF sputter comprises argon or helium and nitrogen (paragraphs [0031]~[0032], [0041]). 

Therefore, it would have been obvious to one of the ordinary skill in the art, at the time the 
invention was made, to use RF sputter, as taught by Li et al., as the sputter of Dixit et al, since 
by this manner it would be beneficial to the anisotropic etching (paragraph [0034], Li et al.). 

In re claim 9, Dixit et al. also teach that the hole 28 is a part of an interconnect structure, 
wherein a conductive layer 24 is disposed at a bottom of the hole 28, and the sputter clean 
removes a surface of oxide (i.e. Ti y O x or AI2O3, col. 5, lines 47-49) formed on the conductive 
layer 24. 

In re claim 23, Dixit et al. also teach forming a liner 42/47 in the hole 28 before the forming 
of the plug 50 (Fig.4). 

In re claims 2, 10-11 and 25, in addition to the aforementioned limitations, Dixit et al. also 
teach that argon in the mixed gas acts as physical etch (col. 5, lines 43-45) but do not expressly 
suggest that nitrogen acts as ion enhanced chemical etch. 

However, nitrogen in the sputtering has been known as a chemically reactive gas, as 
evidenced by Blickensderfer et al. (col. 3, lines 50-53). 

Therefore, it would have been obvious to one of the ordinary skill in the art, at the time the 
invention was made, to comprehend that nitrogen in Dixit et al. would act as ion enhanced 
chemical etch, in light of Blickensderfer et al, since nitrogen has been converted into ions by the 
plasma and these ions are chemically reactive capable of performing etching function. 

In re independent claim 26, Dixit et al. in view of Li et al teach the claimed limitation, as 
stated above, except forming an upper conductive layer on the organic ILD 26 and the plug 50. 
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However, the teachings of Dixit et al. in view of Li et al are illustrative rather than restrictive 
(paragraph [0049], Li et al.). One of the ordinary skill in the art, at the time of the invention was 
made, would have been motivated to modify the method without departing the scope and the 
spirit of the method by forming additional conductive layer on the organic ILD and the plug, 
since by this manner it would form a multi-level interconnect structure. 

In re claims 4, 13 and 18, Li et al also remedy the deficiency in Dixit et al. that the sputter 
comprises an helium plasma. In particular, Li et al. teach helium is an art-recognized equivalent 
inert gas with respect to argon in sputter cleaning process (paragraph [0032]). 

In re claims 7 and 15, Li et al also remedy the deficiency in Dixit et al. that the RF bias in the 
sputter is of between about 1 watts and about 500 watts. In particular, Li et al. teach that the RF 
bias in the sputter of between about 50 watts and about 1,000 watts, (paragraph [0034]). 

In re claim 8, Dixit et al. in view of Li et al. also teach that the RF sputter clean and the 
organic etch are performed over about the same time interval because Dixit et al. teach using a 
mixed gas comprising argon and nitrogen in the sputter processing, wherein argon (i.e. a physical 
bombardment) is for the sputter clean, whereas nitrogen (i.e. a chemical bombardment) is for 
organic etch. 

In re claim 27, Dixit et al. also teach that the hole 28 is a part of an interconnect structure, 
wherein a conductive layer 24 (i.e. a metal) is disposed at a bottom of the hole 28. 
5. Claim 22 is rejected under 35 U.S.C. 103(a) as being unpatentable over Dixit et al. et al. 
in view of Li et al and Blickensderfer et al. as applied to claims 1 6 above, and further in view of 
Chooiet al. (US 6,284,657). 
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Dixit et al. et al. in view of Li et al. substantially teach the claimed invention except forming 
a lower cap layer on the lower conductive layer before the forming of the organic ILD layer and 
forming an upper cap layer on the organic ILD layer, wherein the etching of the hole further 
comprises etching through the upper cap layer and lower cap layer. 

However, Chooi et al. teach forming a lower cap layer 12 on the lower conductive layer 10 
before the forming of the organic ILD layer 14 and 18 (Fig. 1), and forming an upper cap layer 20 
on the organic ILD layer 18 (Fig. 10), wherein the etching of the hole 22/24 further comprises 
etching through the upper cap layer 20 and the lower cap layer 12 (Fig. 11). 

Therefore, it would have been obvious to one of the ordinary skill in the art, at the time of 
the invention was made, to integrate the teachings of Dixit et al. in view of Li et al. with the 
teachings of Chooi et al. in a such manner that an additional lower cap layer is formed on the 
lower conductive layer 24 in Dixit and another additional upper cap layer is formed on top of the 
organic ILD layer 26 in Dixit, prior to the plasma etching, since by this manner it would prevent 
underlying layers from undesirable etching damage. 

Response to Arguments 

6. Applicant's arguments with respect to claims 1-4, 6-13, 15-19 and 21-27 have been 
considered but are moot in view of the new ground(s) of rejection. 

7. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Hsien-Ming Lee whose telephone number is 571-272-1863. The 
examiner can normally be reached on M-F (9:00 ~ 5:00). 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Olik Chaudhuri can be reached on 571-272-1855. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 



Hsien-Ming Lee 
Examiner 
Art Unit 2823 



April 30, 2004 




